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ABSTRACT 

This report  describes the  design, fabrication, and testing of an air 

density meter based on the measurement of the backscatter of ultraviolet 

light. It w a s  determined that intermediate ultraviolet near - 2  microns 

was  particularly useful for measurements of this kind. It was shown 

that ambient atmospheric density measurements can be made at a 

position 2 meters  removed from the detection instruments during daylight 

and avoiding aerodynamic disturbances caused by shock waves, boundary 

layers, ionization, outgassing, gage aperture velocity vector and gage 

chamber temperature. Ultimate use of the backscatter meter is 

expected to be able to be extended from the tropopause (11 km) to 100 km 

o r  over a molecular number density range of 7 .6  x 1OI8 cm-3 to 7.7 x 10 

cm-3 as given by t h e  1959 ARDC Model Atmosphere (1). A flight test of 

the instrument w a s  accomplished to an altitude of approximately 10 km. 
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1.. 0 IKTRODUCTION 

The ni.lea:-ureriient of a i r  density from a high speed vehicle at altitudes 

alxve tfie t rcspopause and to 100 km altitude i.i beccming increasingly 

in:p Jr(ant  now that manned aircraf t  or spacecraft wili be operating t: rough 

t!iis regi#)n. 

offer vikiid proof of the crit ical  thermal problem to be met in t ravers ing 

these altitudes. 

successful at ~ U W  altitude arid at low Mach numbers to high altitade and 

high Mach numbers is greatly complicated by the interaction between the 

vehicle and the atino3phei.e. 

metering chambers introduce errors  which v a r y  wit0 t:ie attitude oi t I’J 

vehicle i n  t h e  a i r  s t ream. 

me3:Is r j f  sampling air density a t  a distance away from the vehicle which 

i s  sufficient ti, avoid the aerodynamic disturbances caused by shock waves. 

lx~undary layers. mtgassing. ionization. and ot!ier aerodynamic effects. 

all of w!Tich are shape and drientation dependent. 

Mete2rs produce light while falling from 100 to 50 km and 

The adaptation of pressure o r  density rxieasurins techniques 

Aperture-; and ducts leading t J internal 

The ultraviolet backscatter technique offers a 

stratosphere from ground based searchlight projectors in a number uf  

experiments. Hulburt (2) in 1937 succeeded in  photographing a scarchligiit 

beam to 28 km.’  and in 1955. ‘Friedland. Katzenstein. Sherman and Zatzick ( 3 )  

used a 20 microsecond 50 megalunien light pulse system to determine 

densities to an altitude of 40 km. 

experiments are 1aci:ing if t’ie light prc;ject !r and the  receiT:cr a r c  inminted 

Many c;f the prublems inherent in such 

w a s  to develop an air density meter wtiich couid tic car r ied  as a flight 
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instrument by a missile or  inaniicd \rehiclc. 

The succcss o f  prcviG)us seareli!i$it ~ ~ w r i n ; ~ ~ n t  uifcrerl c*: \n:  ic!erab:t 

encljuragement tiJ thc ,;resc.iit pr'ojt*ct first. because usefu l  lucsscat tcr  

enerL,y was obtained in spite of i'ery large distances and secondly t!iere 

was evidence that the scatter from alt itudc:; abo\-e the trqi)npausc was 

related t n  t h e  molecu!rrr density and 11 ,t appreciably distorted by !)articulate 

or Mie scattering 

Raylei@ atmosphere exists.  

In  other words. 3bovc  t h e  tro,,opaust> a i'red(i1ninal;tlv 

A f i r s t  Irtoh at scat ter  tf:eory show.: t!lat electromagnetic. radiati ins in t IC' 

visitile and ultraviolet have riiucii larger wa: cltngths t:raii t 'ic r ad ius  of the 

a i r  niolecules so that backscatter efficicncv increases railidly as wavelengt!, 

decreases .  l iowever ,  atniuspheric absor!Ition o f  tiic probing radiation 

Iwcomes increasini$y in ip r tnn t  111 t2c u l t r a \  iu le t .  S o u r c r s  of radiati,)ii 

alsv become inore coiiiplex and (3ptical systcms more difficult t:) design 

at tlic v e r y  short iva;-ejcngt!is 

The following relation expresses the backscatter intensity, I. from a unit 

volume, at a distance. r ,  as a function of incident il:uminaticm in  watts per 

and the reflectivity of the atmosphere. 7 ) .  
2 c111 . Io. 
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I. 

The reflectivity t e r m  , 7;. is  a function or” liklit w-a.r7elength and the 

I;lolt?cular number density. 

i o  use a particular wavelensfh and with a kzown I 

rei’lcct 1~ ity or I 

To f9rni some idea as to the feasibility of using such a techiiique at high 

aliitxde the following table has been computed. where r is the distance to 

;%lid d is the depth of the scat ter  volume. 

This Iiie:iLis t k t t  ir: a i  iiistrumerit designed 

measurinc the o 
directly iileasures the nurnixr density as well. \ l a 0  ) 

I 

-_  
11 4 x 10- 4 x  I C 3  x la-11 

1OC* el x 10- a l i j - lc  8 x 13 
- ___ - -  _ ._ - - _._ - . . - - - - - - - - -- . - 

If *$e assume the radiation detector used cas  respond to 1?-12 watts. a 

value 111b times the noise equivalent power of ;? good photon-ultiplier 

tuiJe. tnen we call estimate receiver a reas  and power of I required to 

o! )!air1 reilectivit;. da!a at high altitude. 
0 

I!: the searchlight experiments 

100 kilowatts. 

band is possible but receiving apertures must of course be limited. AE 

a r e a  of 100 cm2 should be feasible. but a n  a rea  of 1000 cm2 is not 

For ilight experiments one kilowatt ir? a fairly 11arrow 

realist ic.  The received scat ter  signal would then be: 
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It would then appear that if a transmitter beam power oi 1 kil(.,watt per 

useful ultraviolet bandwidth can be aciiieved in vicinity of 0 .  2u tLen 

liackscatte-r measuremefits can be made to 100 kilometer- aititude at 

distance,; as great as 10 meters  from tlie vehicle. 

course assume nu bzckground noise due t,) radiation from ttie attllospi-iere 

in the wavelengths used. 

These estimates of 

A survey of esisting continuous ligiit sources  

ind i c a Le s t iiat :sbt a in in g I k il SIY a t  t i n  t:i e int e 1- rn ed ia t e u t r as. i 01 e t  w :XI l i 1. r c q  u ire 

quite a large uni t ,  h u w e v e r .  the use uf pul~;cd o r  fiash tube stxurcer makes 

such pavers  feasible. 

l a rge  number 1 )f photons t u  av1;id in-signal noise due to  statiL1 ical fiuctuation 

i n  the number :jf electrGns leaving the phc)tocathode <)f the detecting 

ph I , t ( ) ir, u i 1 i ill ic r . 

The pu13e must be long e!luUgh to i-t\iurn a re.atiT:ely 

Suinnlarizing. we conclude that the Raylcigii backscatter technique of 

111 e asu r ing at  111 o sp  h e  r i c nu m he r dens it y as de in ons t r a t ed by 5 e a 1-c 11 i i gh t 

experiments can be developed for use on high aititude 1 eiiicles 
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2.0  SCATTER THEORY AND SOLAR IiACKGROUND 

The uit raviolet radiation scattered frcm tj;e irradiated a i r  volunie under 

ubservation i s  a lways  v e r y  small  as compared to i;ie tc tal incident 

radiation of t!ie beam. It is evident. hcJwever. t':at the cletectii?n of 

scat tered z:olar radiation fr!iiii source-. other than t::e desired backscatter 

volume. resul ts  in noise and in inipairnient of tile desired measurement. 

It is therefsre important to  reduce such interference b y  selecting tile (Jct iiiiuni 

wal  elcjngth band for the flight scatter experinit?nt -. . T:;e fl;jLI wins paragraphs 

expiore scat ter  theory and t!;e 1 ike ly  solar ra,!iatic,n backgrtmnd. 

Pcl ar i mbi! it y CJf NI olecul e s ____-__-___ 2 . 1  

The ability o f  molecules t a - b  respond t t i  t:ie presence of an electric field is 

a measure  of t h e i r  p la r izabi l i ty .  

formation of a particle electric: moment. 

This response is in the nature of the 

The magnitude of a particuiar 

miJnient is a functi:m of the nature of t5e electr:.,nic distribution (if the 

Any particular electron of a moiecule i s  influenced simultaneously by t;ie 

CC;uldiiib forces between it and all the cjttler electrons and a l sc  between 

it and the positive co res  of the atoms making up the molecule. The 

inter-electron forces  a r e  repulsive in  action. and the electron-nuclear 

forces attractive. An individual electron is ttierefore pus!ied away by i ts  

e iectrJn neighbors and pulled in by the positive nuclear cores .  

actions a re  taking place. of  course,  while tlie electron and its ~ i ~ i ~ ! i b o r ~  

T::eye 

are n i . ~ \ ~ i n g  around the nucleus with velocities which art? at t imes 

cdmparabie with tlie \relt,city of light. Accunipanying tlie Coulomb force.;. 

we now that there a r e  other forces.  sc-called exchange o r  Pauli forces.  
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which act to prevent neighbori:ig electrons iron? behaving sin- ilarly ir, a 

It is evident from the preceding coi-isideratioris that when m electric 

field is impressed on a nlolecule. the u l t i r a t e  electric mox ent iicquired 

is the end rcsxlt of a rather complicated competitive effor!. Any 

theoretical evaluation requires the applicatio? of qu:inru!: ?;eclrrinical 

n;ethods to calculate rezlistic vzlues. However. on the basis oi such 

theoretical procedures. it is possi!:it to iornxla: t  ’ rvle of rhun-i)“ 

prescriptioris which serve to provide ‘Liirl? reliable values for the 

s i :II pl e r it? ol e cu 1 e s . 

Calculztion of the polarizability by quantum n echanical methods requires 

:hat the wave equation ior the molecule with the interaction of the electric 

field oii  all the electrons and the nudeus included ii? the expression for 

the IJLiniiltorLiar: u e  solvcd. In senera1 t h i s  is :iot p r m t  cable in exact 

forrr.. 

c~iiin:oi; of these is the \ ariational method. 

w’leo the molecule is  origifially i:i the ground state. 

sys t em will then be a minimun; !or the correct  i ~ ” v e  function of the 

systen-1. 

of xdjushtile parameters.  varying the latter to n->iniinize the energy, to 

:;et a good estimate ot the proper electron distri iution t’uiictior,. That 

par: o!’ the energy in the presence of an electrical field, which var ies  

as the square of the clectric field, serves to n3easure the degree of 

polarizability of the systen- . 

Recourse has to be had to approxii7i;iie n-ethods The most 

The latter i s  convenient 

The energy of the  
--___L -- - -_ - __ - __ 

Thus, oae can use a n  approxiniate wave function with a nun- her 



Dimelisionally, the expression fo r  the polarizability tiehaves 3s the cube 

of 3 length. Following the procedures sketc-lied in the precedinq 

paragraphs. one finds that the polarizability for a siicple aton- a i l1  

!!ehave a s  the square of the average of the square of the radial distances 

of the electrons from the nucleus. and inversely, t=, a characterist ic 

length of the atom, the Bohr radius, (0. 53 Angstroms). 

Expressions for the polarizability of molecules a r e  somev'iat more 

complicated. but the general structural relation is s imilar .  An essential 

modification consists of a correlation te rm between pa i rs  of electrons. 

In reality. such correlations cannot be evaluated wit!iout exact wave 

functions. However. f a i r ly  good approximations can be made from 

various combinations of atomic functions. 

Where different electron groups act fa i r ly  independently of each other, 

the polarizability will obviously be made of the sum of the individual 

polarizabilities of the separate groups (bond polarizability sum rule).  

An important result  of such theoretical analyses is that one can see  that 

in the formation of molecules, there can be ser ious deviations of the 

resultant polarizability from that which would come from the addition 

of the polarizabilities of the separate atoms. 

polarizability of the oxygen free radical i s  much less than the oxygen 

Thus. we find that the 

nolecule.  

scattering), from molecules and atoms, is thus also a composition 

A density probe which relies on backscattering (Rayleigh 

probe. The backscattered s iqa l  detected depends not only on the 
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number of particles,  but also the type. 

By utili7ing the frequency dependence of tile polarizau 

the backscatter signal prc,vide informaticm botii on tile 

i i ty ,  one can ilia 

dens it y and 

te 

composition of t!ie ambient gas. 

must. o f  course,  be equal to  the number of independent composition 

The number of indepen.ient observations 

variables. 

and also from controlled experiments in the laboratory 

The actual polarizability data can tie derived t.ie::reticail.y, 

The values of the polarizability of the constituents encountered in tiis 

atmosphere a r e  given in the following sunimary. Inciuriecl also. is the 

value for nitrous oxide. 

TABLE 3 -- Polarizability at 589 rng 
_----* - . .  - 

-_ -I__ 

-____ - - - M d e c u i e  3 

N2 17.6 x 0 3  
16. o O2 

0 I. 5 

N 2 0  30. o 

As can be seen, the  niolecular form of nitrogen oxide does not yield a 

simple additive expression for t h e  polarizability as a function of t!ie 

separate  polarizabilities of the  individual atoms or radicals. nor does 

the polarizability of 0 equal twice that of atm-nic oxygen. 2 

The values given in the above table do not sl~ow tile dept'n3ence on frequency. 

The values shown are for a frequency far removed from characterist ic 

eigen frequencies of the electrons in these molecules. If the applied 
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frequencie.-. are close ta  such an eigen frequency, t!:c 1)eliaX;iDr of the 

1 ~ 1  ar i 7, ab i f it y w i i 1 s i iow the fa m i I i ar  d i :i pe 1- s ion bc kL ;i \- i c > r . 

where c is thc polarizability. f .  the osci1lat::r strength. 11. the eigen 

frequency. ;ind L' tile appiicd frequency. Ciearly polarizability increases 
1 1 

sharply near sucii frequthncici.. 

Intensity I (6 ) is observed at a distance r at angle e from a scattering 

volume V containing N sca t te re rs  per unit I c:lume eaci! L;f pularizability 

I , .  

sonic: effort ti.) determine. 

index of  refraction. 11. and t!ic number density N by the reiatirjn: 

This polarizability term is not well known in the illtra\.i:i!et and requires 

Po1arizaI)i~ity o f  a i r  can be obtained f rom the 

CY = 3 (n2  - 1 )  (4-N)- '  (n2 + 2 ) - l  (4) 

While 11 increases with decrease of wavelengtti, values for n in t he  

intermediate o r  short  ultraviolet diies not appear to be readily available. 

PenncIc,rf's work on atmospheric scattering as tabuiatcct in  tile Handbcok of 

Geol,hysics ( > )  prc vide-. a i?7canS for deterinining p ~ l a r i m b i ~ i t y  t!irougS!i t fie 

relat i\)n: 

(5) 4 - 4 K _ 2  
I( = 2. 67 r ( 2 n )  
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2 
L. = ( i .  7 3 3  s A K 

increase in  5.  

E.ii;,eriinents tit stiidy scst ter  mutt al<;.l csn\ idcr t’;e :if!ii:)zp”eric abslJrptim 

coefficients. Of these coefiicients. tlmt ;if o=.ygen ic l i ie mo,t important. 

Figure 2 gives oxygen absorption data for the shorter  wave1en~th.s at alti- 

tudes frcini 0 tQ 140 kilometers. T’ c zib~~~rpt io! i  cocfiicient ti / f  t:.is tabic 

refers tc\ the radiation transmicsi:m equation 

(7 - .:s I - I,, e 

w!iere x i s  layer thickness in meters  and I t ,  and I are  inciclcnt and trans- 

mitted iiitensities respecti:-ely. 

path lengths in the vicinity tr?f four meters. a scat ter  intensity accsratt.  tu 

a few percent can be obtained by working wit!? wai:elengtiis where  the absorp- 

tion coefficient 1: i s  between . 01 and . 001. 

If we a re  cLncer:ied with t o t d  ijltical 

At sea lcvcl then t!:e r;ptimuni 

wavelengths w m ; d  t x  between . 20u and . 2 4 , ~  witile a h j v e  i o  kni  a band 

betwce:i . l;u and . 19p wculd tw n i w t  usefui. 
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consider backscatter where @ is approsimatcl.y 180 equation (3) niay be 

rewritten as a baciiscatter relation: 

' ( 1 b O )  = I, r -2  v (8)  

w h e r e  

(9) 4 2 X - 4 N  77 = (2 7 1 )  ,', 

Figure 3 shows tile variation of 

and 0. 24 Q .  

greater  due to oxygen resonance flurJrescence tiut has not been determine~i .  

with altitude and for wavelcngtl~s 0. 20 ,- 

tc? 0. 19 g will tie c'cJz- iderably The reflectivity a t  0. 18 

2. 3 Solar Rac1:rrounci 

The optical system receiving the desired ccaiter radiation in any test 

conducted in the free atmosphere will also pass to the detector any other 

radiation falling within the oiwrating wavelength band pass prc; ided only 

that it a r r ives  within the sensitive solid angle o f  tile systcin. 

Scatter eijjerimcnts perforined in daylight at l,-arious aititaites wit ; i in  Lie 

atmosphere must thercfore consider the initial spectral distrit)utibn of  the 

solar  beam in space and its penetration through the atmJspiiere Figxrc- 4 

sketches the spectral enerb? of the sun outside earth's atmosphere. 

Reference (6). 

a s  sketched by Friedman ( 7 ) .  

once again evident that scat ter  e\periments mrist  be j;lerformed at wavclengt is 

shorter  t!ian about 0. 2% ru'cJt only  is solar  irradiance quite l m ~  in tl-,ese 

waveleng$hs but t!ir atmosphere it  self atisorbs much of t!ie incident t.nergy. 

The wavelength band . 20t1 t o  . 2411 can be shown to be suitable for altitudes 

below 60 kin and the band . 18', to . 191~ for altitudes above 60 km. 

Figure 5 gives the atinospheric penetration of  this radiation 

If we wish  to  avoid solar background it i s  
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tropcjsphere due t:, the widely varying density of  particles with s izes  

cc!niparable tc: tiic wa1;eiengths of tile uitraviolet used or  ia rger .  

the total scattering coefficient f rom N spheres of radius R in unit volume 

In general 

is 

radii are about (a:.)-' of thewaveiengti. . 

this situation. 

reflectivity of about 10- 

Th i s  i s  abaut the reflectivity of the atmosp!iere at 85 k m .  sc.e Figure 3. To 

Eac-rscatter is a maximum wit!i 

For example particles w i t h  a 0. 0 3 2 ~  radius w d d  have a 

per particle wtien illuminated 11y 0.211 radiaticri. 

judge t!ie possibility of such density at v e r y  high altitudes. we  note that 

80-85 kni i s  t h e  altitude at which noctilucent clouds occur. These c:ou13~ 

a r e  quite r a r e  and appear t:-i haye prrrticic densities in the 1. icinity o f  10- 

cm-3 f , l r  radii armnci  G. I @ ,  Luciiam (8) ;  Wit t  (9) . so tjiat even when 

lperating a ultra'. iz,let densimeter in  a ncxtibiic-mt c l ln id  one rou!d e ;)ect 

2 

the bac:-scatter signal f r$Jm the a i r  n:cJecules t u  be 10 tr; 100 t imes ti-lat 

fr;.m the cloud particles. 

sccumulatcs dust would be the l o w e r  stratosphere in  vicinity of 20 kni. 

According t t j  Junge (10) the . 1~ tu 1 , ~  particle densities here inay  be in ti!e 

crdei t:, 1 cm-3  or a reflectitfity of 10- 

at tllis a.:itutie is at least a factilr c>f 200 time5 t, iat  r'ralm the dust. 

The other high atmclspheric regi,,n which 

10 -1 cm but t:ie atnicisphcric :tatter 

Cile can 

conclude that abo\'e the tropopause Rayieigh or resonance 5cat' ?i ing W i L :  

predominate cjver itarticulate scattering e-\.cept on rare  cca: i. I:::. SLIC!~  

as caused by vdcaiiic ar  nuclear explosions. 
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3. 0 BACKSCATTER Ir\i;STRLZVIENTA'I'IOI.I 
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All of the  ultraviolet transn-itters are equipped with 11 ems for n?onitoring 

the output pulse eiiers:. 

have 3 small post reilector just outside t h e  collin?ating lens to send a 

pcirtion of the pulse t o  a phototransistor morxited ;it t t - 0  side of the 

transmitter.  

ihe c!iclosins. fused silica plate which leads t o  :i phototr:ttisistor. 

sc8;iiter occurs w i t h i n  the plate to fill this  side opeiiing wi th  radiation. In  

e a c h  case a sm;tll filter disk of Corning 9863 is placed i:i the optical path 

so that the phototransisror responds to the L:ltraviolet a s  shown in 

F i m r e  14. 

while the scn!ter sisnal should ?P obserlred in wnveltm$hs near 0. 21.1 . 

To climir?ar:: this rnismatf:h a photo:r~:isis’or wit ti ~t ftJsed silica windoli 

n ~ d  s i  sni::ll i ; - \ t l ~ ~ - i ~ ~ ~ C l i . r f ~  ~ i l t r a ~ i o l e t  !)and p;iss ilti.1:- n r e  reqiiircd. 

w c I- e fr v ai 1 a I 11 e .  

The orifice spark itnd the rod electrode units 

The parabolic reflector unit has nil opening 2.t the side of 

cufiicieni 

The monitored wavele,igths thcct7:ore peak at around 0. 3’; ,J 

Ncitfier 



3 .  i: t;liraviole! Receivers - 

'The essential co:njm?entc: of the ultraviolet rtceivclr are tf--e racltiation 



I 

F i g ~ r e  17 sk-etcties tiie iiiedian am!)lification of  an electron ;ea i  iiig t!:c 

photocathode of the 1P28 and moving through the dynode structure for 

various supply voltages. These aniplications a r e  sufficient to give pulse 

outputs varying from a few microamperes to a few niiiiiamperes in t5e 

scat ter  experiments. The output can vary Over a range i :C' without 
9 

damage when using a constant supply 1:oltage. 

6 that for the rocket backscatter experinieiit with i ts  required range of 20 . 
These condil i : , i1<.  imply 

oric must either use a variable supply voltage or  a constant supply voltage 

with a variable entrance aperture. Considering reliabiiity, a precisely 

stepped supply voltage controlled by the output signal would be possible 

without resorting to mechanical devices. The variable aperl. ~ t ?  would 

offer a lower noise level within the photomultiplier but would require a 

mechanical device. 

A number of conventional solar Mind I,hotuiiiultipl ieri; were tested, h i t  

while "solar blind" their quantum efficier?cy w a s  so low i n  tiie intermediate 

ultraviolet that use in backscatter instruinentat i m  w a s  not feasible. 

Photomultiplier tubes under more recent development were then 

investigated. 

was selected. 

indi\ idual unit and Fiycre 18 skctches t:ic ai,prosimate efficiencies uf 

the tube i n  ubc. 

td response at  0. 3 ;L . 

Of these RCA's C70127 using a cesium telluride piicitocatnode 

The quantiini tlfficirncie.; of these tukips i aries with ti;c 

It is n:)t quite "solar Iilinrt" in t ' ie :ow atnilosptcre c t u ~  

Tlic ~~lioti)niulti~~!:cr t1sos 12 c!yn:xies w!:icii arc: 
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relatively insensitive since for a supply voltage of 1500 volts, the dynode 

gain i s  130. 000. 

dcnsiirieter operation the CsTe C70127 was potted with RTV silicone 

rubber inside a stainless steel cvlinder. 

with pulse smoothing capacitors w e r e  solrfered directly to the flexible 

leads and potted in eposy resin as a step t:,ward casing vilxatioii loads 

on t 11 e yhot oriiul tip1 ie r . 

The C70127 i s  quite small as shown in  FiL-urtl 19. For 

The divider and load res i s tors  

3 .  3 

T%e necessity of obtaining high quantum efficiency detection of intermediate 

ultraviolet photons in the presence of sunlight poses a difficult problcm. 

Ultrnvi.ilet Band Pass Filters ._ _I_ 

One solution i s  to find a spectral!y selective pliotodetector and use  

additional filtering to shape the desired band pass. The c:ther is  tu use 

a reliable and rugged tube with very wide spectral  resuonse such as the 

1P28 and do the entire band pass shaping by filter. W e  were unable to 

locate a filter nf this type. Interference filters so lu t ions ,  films on quarty. 

etc. were studied and in some cases tested but without success. 

a gas cell filter using about 6 cm STP of chiarint  between fused silica 

Finally. 

windows w a s  constructed. Figure 20 gi\-cis the transmission of tsTis cell. 

The 0. 4 to 0.  5 traiismission between 0. 22 u and 0. 25 p and sharp 

cutoff between 0. 27 p and 0 29 A makes tliic ar excellent filter for use 

with the cesium telluride I,hotoinultir;lie1’. see F i p r e  18. The filter 

transmission in the blue is nt‘t siznifichnt a.: %.:e cepiiuin te!!uricie tube 

docs not respond at these wayelengths. 

sunli$it show :itt!e solar noise Lin1cs-s pointed t7virecbt:y a t  tile sun. 

Apparently filtering out all solxr photonr is t>stremclv flifficuit. 

‘rests o f  t h i s  combinatiun in 

Ref{krring 
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to Figure 5. atmospheric penetration of solar radiatim. a dcwimcter  

using a CsTe photomulti,zlier and ciil\)rine filter should IJC effective to 

35 o r  40 kiloineters,altitude. 

be shifted toward shorter wavelengths. 

For higher altitades the band pass should 

3.  4 Signal Amplifying Circuits 

A number of amplifier techniques can be used with the pulsed u 

densimeter. The best solution depends on how the output signa 

tray iol-et 

is to be 

displayed and for what purpose the data i s  inte:i:ded. F.-r r.::am!ift. if the 

data is to be viewed on a meter dial. as a n  indication of density a circuit 

dividing the smoothed output of the s c a t t c r  a1il;;lifiers by  a ..:mootiir.d 

signai proportional to the output u l t r av io l e t  energy would be satisfactory. 

The time constants arid the pulsing ra te  can tie selected to match the 

sywcified rate o f  altitude change. On the ot!ter hand for an experimental 

background and reactions betwccn the 

iaHy un'rnown it is: better to ainpljfy 

The data circuits developed i l i  tiic 

Ltriigrani where the effects (if solar 

densimeter and the vehicle a r e  par 

and record each pulse s e p a r a t e l y .  

prL)ject a r e  of this experimental type. 

In our  units the photomultipficr acts as a first stage i n  the detection 

portion of the anipiifier. Figure 2 1  gives the erltire photomultiplier 

circiiit from a 16. 4 1 regulated input power (see FiLwre 22) to  an emitter 

fo l lower  transitor deli1 ering the i n p t  p1se  sig:ial t~ p:l.se ani;)!if:;inF; 

and stretching amplifiers. 

second regulator with a zener reference dicdti M tiit ) $  acts as the  final 

control ox-er the k,igh voltage a;qjlied to tiic t~huti)t~iirttii:3i(,1. (RCA's  C701-27). 

Tile r ep fa t ed  iinr power first s(Jk?s t!;rmgii a 
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A riIlgillg choke DC to DC converter is used to step 6. 7 v o l t s  at t e zener ti? 

1350 i-olts over the ~~hotc>mu!tji,iier. Magnetic shield cans a r ?  used to 

seiiarate the DC-DC converter from the rest  of the circuit. so t!iat i ts  

xilocycle ring i s  not picked up by the p1iotoni~ltiplier circuit. 

st:cond scatter pulse entering the phototube is then linear.!;. am;ilified and 

appears  across  the 1200 ohm load resis tor  terminating this portion of the 

data circuit. 

TJie micro- 

The voltage pulse at t h e  phctomultiplier load resistor is  transmitted by 

capacitor to three amplifiers as sketched in Figure 23. 

flies<> circuits a r e  adjusted so t!mt if the high sensitivity channel gain is 

A 

sensitivity channel i s  Am,’ 100, 

emitter transistor stages. 

wansistors,  the nierIicm gain two arid the !ow gain amplifier one. 

tuning was done to give maximum response to pulses of about one 

iiihci-:,seco;id duration or  i n  other words to yass the scatter pulse. The 

trequency of occurrance of noise wlses  of sufficient amplitude to affect 

these circuits i s  much greater at low input signal levels than it is at 

high. 

in the  high gain circuit. 

through s‘tnwer anci siower transistors until finally cirarging a S pf capacitor 

t;iiougii a 2it;Je. 

r:t the stbatter 1:vise initiating t!ie aniltlifyi:lg - ) r ( \ x  e s s .  

sigial voltage js cxiwcteb  by a his!, impe ?arjrc c,ircuit o f  tw(> transistors 

t o  a 10, 000 ohni l c m d  res is tor .  

TIie gains of 

tikcn the medium sensitivity channel gain is A 
l-Il m IO and t:ie low 

All tI:ree ainiiiifiers begin with tuned 

The high sensitivitv channel :,as t:xee 

Tile 

This difficulty was met by using a more sharply tuned band yass 

After passing the tuned emitters the  signai passes  

T’;e ca;:acita- i d tage  i., then t-e!atcd t o  ti3e aniiAitu~3e 

T:!c cai  acitrlr 

These load res i s tors  [lave tlie final output 
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Study of the circuit diagrams will show tilai each 5 lif signal capacitor is 

connected to the negative lead through a silicon controlled rectificr of 

very high resistance so that the time constant for eacii capacitor disc!:arge 

is large.  The silicon controlled rectificr is triggered into cmdcction by 

puke:, from a timing circuit shown in Figwe 24. 

the section G n  i?itra;-ic;let trani;niiiicrs. t :  c vLt,,ut !)u!se must he 

A s  we discussed in 

monitored to take care  of aniplitude j i t ter ,  and s low changes due t : j  

electrode erositsr-. A pItototransistor wittr a Corning 9863 filter is used 

as shown in Fibwre 25. 

:;mall porticii of the output beam is aiiiplified a i d  used t o  charge a 

The pfiototrarisisttir ~:ui;e caused by a v e r y  

cailacitor for an output signal just  as in the utiier t n r e e  outiiut circiri!-s 

dealing w i t h  scattered radiation, riowo\ cr .  t h i s  p:!:ltr;t:'ar:sistor signal 

.in addition s t a r t s  a conveEtional one- s lo t  iiiultisi!)rat:,r i n  conjunction 

witti a uni- junction transistor,  

pulse the timing circc't generates a pulse wiiicii triggers d l  four .c ilicon 

controlled rec t if ic 1-s into cctncluc t i m  arid thu i ;11 I ci ~ a r g c ~ ?  5 i p a i  c a p c  it o r s  

are discharged and remain in this statc iintii rile next pulse is rcceizeci. 

Figure 26 gives flightdata as recwded OH 21 Jaiiuary 1963 at about 1140 list. 

LwPing first at the 800 m e t t r  recording . we see that the low gain scatter data 

i s  at the top. 

dkiAaypd as they ticcur d u r i n g  5 s c c o i i d ~  froin ipf t  io  ri$&t wit(!  iia1c;ing at 

t'ie n-atc o f  a i i t r l c )  I ~ O Y C  t !mi  5 lier st-ct,i;c:. 

At 100 mit i isec~~ntls  after t:ie lihototransistor 

The 100 millisecond puLses with their slowly tapcrinl: tops are 

c J G s t  t)cIc);5' are I:::!SCC 
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I ;* 

and finally the medium gain channel. 

overloaded with a niaxlmum signal while ttic !ov gain cixarinc1 oC'c : i ~ ; ( ~ , ~ : i l l ; v ~  

overloads at the edge of the rec:jrdcr film 

ultra; i d e t  source is very  e\'ident aiid. of coursc'. demoi;stratcs flip w e d  for  

monitoring i ts  intensity. The capacitor charginc type _,ficr is not 

quite linear as is sliown by Figure 27. 

characteristic. 

exyerimental data. 

The n:edium ant high channels a r e  

Ttir am;>iitr!tlc :ittcr :)f til2 

The S shaped 1*espctiisc i s  generally 

This variation must I x  con5;ldered in rc4ucing t I t e  

abtwt e same crw,s section and arc rtJlimateo" t:' :I few degree::. 

t1:e scattered radiatiun returned to tiie recei'i e r  'i aries wit:( t; .e 1-ecigrocai 

Because 

,,f distance squared the bulk of the putse energv returned is frcm tale 

<;tatter v i d u m e  between f i r s t  intersection ( 2 1  t.,e beam and t I P  diz.taIlce 

f a  where the siial lines ol the beams intersect. It is clear t?xt il Lie 



4. 0 FLIGHT TESTS 

Tile \-ei!ics!e ;>lanned to car ry  t!ic rk\.e!c;jicd c? traviolet densimcters varied 

during the course of the project. 

an Aerobee Hi rocket. but due to work load difficulties this flight w a s  

postponed. The 

altitude possibie i s  much l e s s  than with the rwke t .  but problems o f  fligiit 

qualification and daytime operation can be solved more easily when 

rei)etit!i?e llights: a r e  possible. 

denicmstration clf the feasiljility of thi:, tvpe densimeter. 

Originaily tile assigned vekaicle w a s  

The second veiiicie selected was the F- 104 aircraft. 

The F- 104 flights have allowed 

4. 1 Proposed Aerobee Flights 

Tlie. proposed installation t,f an ultraviolet densinieter in tile f irst  s t ra igA 

!lousing section after the nosecone of an Aerobee H i  Rocset is sketched in 

Figure 29. 

centereci eit:;er at 1 meter i,r 3 5 meters frum thc !itiusing skin.  

these adjustments tlie scatter volume can be iocated in t.-,e ambient 

atmosphere autside shc.cnvaves both with a nose probe and wit:i a ncrmal 

nose. 

I-__ - 

The receiver i s  adjustable so that the scatter volume can be 

Ry 

Figure 30 sketches actual shape of  the ultra; iolet densimeter ab 



fused silica transmitting lens. spark VV s ~ r i r c e .  cr,-a=,ia! cajiacit ;r. DC- 

DC c:,nvcrter. along with magnetic shield cans and :iousing. 

expanded iine 2hows tile batteries and t::eir ?:)lcicr. 

solenoid is visible between the two component lines. 

turned on as t!ie rocket flight began. 

view and front view of the ultraviolet receiver. 

i s  foll3wed by a glare stop and field. stop and in tl!is photcjgrap 1 t.;e Iight 

iJa;Ses t t:rc>ugh an interference filter t:) ;t EM1 6256 i l N  pi!:~tonlulti;,iier 

carr ied witliin an alriminurn can which i~ at p!\-otocat.’jode potential. T:ie 

l;ulse exparding amplifier is cltistered around the photomultiplier. Tire 

receiver unit is switched on and off by a sclencid which closes a ~ i w b l e  

pole micro- switch l ixated in  the battery- tube. 

densimeter rack mounted much a b  it would be in  a roci;et is shown in 

Figures 35 and 36. 

up for oiitside daylight tes ts  at Santa Ana. 

Tile I w e r  

An c ~ - ~ f f  witc!  iiig 

The switch was to be 

Figures 33 and 34 si-.:’w a:? IC.:-; anded 

T!;z l a r g e  receiving lens 

The c,mp:ete uiti-avidct 

Figure 37 i s  a I)hc)t*>grap:i of  the :!ensirnetel- as set 

4. 2 F-104 Fliglrt:, 

Flight test of the ultraviolet dei?simeter was n u t  accomprisLed i x  the 

Aerobee and Snstead it w a s  decided tcj test in F-104 aircraft  bascd at the 

NASA Flight Researclt Center, Edwards. Calilornia. Environmental t es t s  

for aircr‘aft fli$it conditions were  then conducted. 

no problciiis ar- ::.e ,iiiits were pre- surii:ec! u . r t t l  c?ry !ritrcgen so t”at ey:ternal 

preFssure ci;anges WCA‘L) not snip:brtant. 

t i -e m;ci uswit<-’ c s  ji7aiincd foy 2~ 

lor tlie Aerubee f!ig!,t c’l;attcired wirier aircraft cperating conciiti:)ns. 

Also.  t h C  rcc5argable h t t r r y  sy.,tcni w i t  , Yardney Siivercels was not 

- - __ __ ___-- 

Altitude tests p s e d  

Shahe te3ts quickly sP1owed that 

batter. ~ , w z r  on and off 
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5 . 0  CONCLUSIONS 

Invcstigative study and flight tests indica:t> t *at tiie aftrrzi i i ) l P t  ttensinietcr 

based on Raylcigh scatter can deterniiric tile dc>n:itv of the amljicnt at inrispiiere 

surrounding a high speed veliicle. These defisit;; measurements can lie 

performed at distances up to several meters  f rom the vehicle even in daylight. 

Calculations show that if efficient ultraciuiet t)anl.ijiass f i '  ter  and :i!mto,detcctor 

combinations were available tiiis density measuremcJ?t cm:i.-i 'F n u  te from 

the tropopause, the beginning o f  the Raylcigh scatter at tiiosi,iierc. t o  about 

100 itilonieters altitude. the limit of t!:e iioniogenecliJs at mrisp;.ere. 
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FIGURE 13 - TYPE 3, PARABOLIC UV TRANSMITTER 
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FIGURE 34 - FRCNT UV RECEIVER 







FIGURE 37 - UV DENSIMETER IN OUTSIDE DAYLIGHT TEST 
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FIGURE 41 - EXTERNAL VIEW F -  IO4 NOSE 
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